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Abstract  
Understanding flow patterns and coupled transport phenomena during evaporation of droplets 
loaded with colloidal particles is central to design technical applications such as organizing 
proteins/DNA on a solid surface. We review recent reports on evaporating sessile droplets of 
colloidal suspensions on a solid surface. Starting from the classical mechanism of formation of a 
ring-like deposit, we discuss the influence of several problem parameters. Notably, thermal or 
solutal Marangoni effect, particle size, particle concentration, particle shape, substrate wettability, 
pH of the suspension etc have been found important in controlling the deposition pattern. The 
deposit pattern complexity and shape have been attributed to the underlying coupled transport 
phenomena during the evaporation. We discuss important regimes maps reported for different 
types of deposit, which allow us to classify the deposits and coupled physics. We also present 
studies that have demonstrated particles sorting in an evaporating bi-dispersed colloidal 
suspensions on a solid surface. Finally, some remarks for the future research opportunities in this 
arena are presented.  
Keywords: Sessile droplet evaporation, Colloidal deposits, Marangoni convection, coffee-ring 
effect 
 
 
 
 
 
 
 
 
 
 
 
3 
 
1. Introduction 
The evaporation of a droplet containing colloidal particles on a solid surface is a topic of interest 
in research community from last two decades [1]. Several extensive studies have been performed 
because of  potential applications in inkjet printing [2], surface coating [3], biochemistry analysis 
[4], biosensor and diagnostics [5], forensic [6] etc. As investigated by Deegan et al. [7], the 
evaporation mass flux along the liquid-gas interface is non-uniform and is the largest near the 
contact line (schematically shown in Figure 1(b)), which creates radially outward fluid flow inside 
the droplet; the contact line of the droplet is pinned due to the microscopic surface roughness. 
Here, the evaporation take place by diffusion of liquid vapor from a spherical cap like sessile 
droplet on the surface. Thus, an evaporating droplet dispersed with colloidal particles results in a 
ring-like particle deposit, due to the advection of the particles by the outward fluid flow [7], as 
shown in Figure 1(c), showing a zoomed-in SEM image of the ring. The physics of the droplet 
evaporation is coupled at disparate time and length scales. For instance, the deposition of the 
droplet involves impact of the droplet at a much faster time scale and followed by a much slower 
scale for the evaporation. For instance, a nanoliter droplet on a heated fused silica substrate takes 
around 10 ms for impact and 4 s for the complete evaporation [8] (Figure 2). Table 1 summarizes 
all possible transport phenomena and Figure 3 shows these processes using a schematic. A general 
research question to answer is how flow-field in the droplet and other transport phenomena 
influence the colloidal deposit formed after the evaporation. Various deposit patterns can be 
observed, as reported in a recent reviews by Larson [9], Sefiane [10] and Parsa et al. [11]. A most 
common example of deposit pattern is the drying of a droplet with particles, such as a coffee spill, 
which forms a ring-like pattern on the surface. This is called the “coffee ring” effect, a term coined 
by Deegan et al. [7]. In the following, we review the recent key studies which investigated role 
and effect of important problem parameters in the context of the formation of colloidal deposits 
using evaporation of droplets.  
2. Role of contact line depinning 
Droplet evaporation involves two modes, the constant contact radius (CCR) mode, where the 
contact radius stays constant with the contact angle decreasing, and the constant contact angle 
(CCA) mode, where the contact angle remains constant with the contact radius decreasing [12] i.e 
depinning of the contact line. The CCR mode is more likely to happen on hydrophilic substrates 
4 
 
while the CCA mode is more usual on hydrophobic substrates [11]. The combination of the two 
modes generates various particle deposition patterns, as shown in Figure 4. If the evaporation 
occurs in CCR mode then a ring-like deposit forms [13] and if it occurs with depinning of contact 
line i.e. CCA mode then an inner deposit forms [14]. Moreover, if the evaporation occurs with 
stick-slip motion of contact line  (combination of CCR and CCA) then multiple-rings deposit form 
[15]. 
Sangani et al. [16] studied the droplet evaporation containing colloidal particles for a wide 
range of particles diameter (dP = 1 to 70 µm). They calculated the surface tension force acting on 
the particle near the contact line and gave a criterion for the contact line pinning. Further, Jung et 
al. [17] and Wong et al. [18] explained that the deposit patterns depend on the evaporation 
mechanism of the droplet on the surface. During evaporation, the particles inside the droplet 
experience several forces, namely, surface tension (or capillary) force, drag force, friction force, 
and adhesion forces due to the van der Waals force and electrostatic interaction forces between 
particles and substrate as well as among the particles themselves inside the fluid. The particles 
deposition near the contact line is the results of the competition between these forces acting on 
each of the particles near the contact line. During the evaporation as the inward surface tension 
force overcomes all other forces then depinning of the contact line occurs, otherwise not [16, 19]. 
There are several studies that shows the contact line pinning and coffee-ring formation [10]. But, 
from the application point of view, researchers investigated several ways to change or control the 
coffee ring effect, summarized recently by Parsa et al. [11]. 
 
3. Effect of Substrate heating  
Recently, various research groups investigated that the coffee ring effect can be suppressed by 
varying surface tension gradients of liquid-gas interface, though droplet was evaporating in CCR 
mode. It can be caused by varying substrate temperature [20, 21] which induced thermal 
Marangoni stresses at the liquid-gas interface. This generates a convective flow near the liquid-
gas interface from lower surface tension region (droplet contact point) to the higher surface tension 
region (droplet apex point), called as thermal Marangoni flow. The Marangoni circulation reverses 
the outward capillary flow of particles and changes the particle deposition from the ring to the 
droplet center region [22]. Note that a thermal Marangoni flow also exists due to non-uniform 
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cooling of the interface by latent heat of evaporation. Hu and Larson [23] and Bhardwaj et al. [24] 
reported that such a Marangoni flow can suppress coffee-ring effect.  
Recently, few studies were carried out which used substrate heating. For example, Li et al. 
[20] varied glass (eq = 24 - 30°) surface temperature from Ts = 30 to 80°C and obtained various 
deposit patterns as shown in Figure 5. They studied evaporation of 2.5 μL water droplets 
containing 0.25 % (v/v), 100 nm polystyrene particles. The deposit pattern changes from coffee-
ring to a “coffee eye” - thin ring with an inner deposit with increase in substrate temperature. In 
the figure, at heated substrate temperature, the inner deposit increases due to higher Marangoni 
recirculation inside the droplet, which bring more particles towards droplet center. Further, Parsa 
et al. [21] varied surface temperature from Ts = 25 to 99°C and obtained uniform deposit pattern 
to a dual-ring pattern transformation on smooth silicon surface (eq = 30 - 40°) as shown in Figure 
6. They used 0.05 % (w/w) copper oxide nanoparticles. They demonstrated that uniform particle 
deposit changes to dual-ring pattern and the size of the secondary ring changes with increase in 
substrate temperature. At highest substrate temperature, a stick-slip motion found which give rise 
to multi-ring patterns. Similarly, Zhong and Duan [25] studied the evaporation of droplets 
containing graphite nanopowders of dP = 2-3 nm particles with c = 0.05 % (v/v). The substrate 
temperature was varied from Ts = 10 to 50°C. They also found uniform deposition of particles 
changes to dual ring (outer thin ring and inner thick ring) patterns with increase in substrate 
temperature, shown in Figure 7. Further, Patil et al. [14] studied the effect of substrate heating (Ts 
= 27 to 90 °C) on hydrophilic glass (θeq = 34−38°) and hydrophobic silicon (θeq = 94−97°). They 
considered the evaporation of droplets containing dP = 0.46 μm polystyrene particles with different 
particles concentration c = 0.05, 0.1, and 1.0% (v/v), and proposed a regime map showing three 
deposit patterns, namely, ring, thin ring with inner deposit, and inner deposit, as shown in Figure 
8. At ambient, as expected a ring and an inner deposit formed on glass and silicon, respectively. 
At higher substrate temperature, a thin ring with inner deposit formed on both substrates. In all of 
above studies, the thinning of the ring and formation of either inner deposit or the dual ring 
attributed to the Marangoni convection inside the droplet that transports the particles from the 
contact line region to the inner region of the droplet. 
4. Effect of particle size 
The particle size can also influence the deposit patterns. In this regard, recently various studies 
were performed on the evaporation of a droplet containing colloidal suspensions of different 
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particle diameters. Perelaer et al. [26] used colloidal suspensions of silica particles of diameter dP 
= 0.33, 1, 3 and 5 µm (c = 1% w/w) on different glass substrates (eq = 5-130°). They found that 
for smaller particle sizes ring-like patterns are formed on lesser contact angle substrates and for 
larger particle sizes inner deposit or uniform deposit patterns are formed on all tested substrates. 
Similar type of particle deposit patterns behaviour is recorded by Biswas et al. [27] for polystyrene 
particles of diameter dP = 0.02, 0.2 and 1.1 µm (c = 0.05% w/w) on different glass substrates. They 
showed that the particle size significantly affect the deposit patterns and reported that the particles 
deposit at the contact line as per its geometrical sizes. Weon and Je [19] studied effect of two 
particle sizes dP = 0.1 and 1.0 µm (c = 1% w/w) on glass (eq = 15°). They explained that smaller 
size particles were easily pinned at the contact line, as they were larger in number and can get 
closely packed next to each other during evaporation, in comparison to larger size particles which 
were lesser in number and loosely deposited next to each other at the contact line. In result of that, 
after complete dry-out smaller size particles form a ring and larger size-particles do not form a 
ring-like deposit. 
Recently, Ryu et al. [28] reported the deposit patterns for particle sizes from 100 nm to 10 
μm diameters as shown in Figure 9, and showed that the ring-like deposit is formed for smaller 
colloids while uniform deposit pattern is formed for larger colloids. Further, they also studied the 
effect of polyethylene oxide (PEO) polymer concentration in the same solution and even for larger 
colloids they obtained ring-like deposits. Malla et al. [29] observed the ring-like deposits for all 
particle sizes (dP = 0.1 to 3 μm) on hydrophilic glass. However, they reported that in the formed 
ring the particles morphologies change with the particle size and the particle concentration (c = 
0.001 to 1%, v/v). They proposed a regime map of particle deposit morphologies showing 
discontinuous monolayer ring, continuous monolayer ring, and multiple layers ring. 
The effect of particle size coupled with substrate heating has also been reported. Patil et al. 
[30] investigated the combined effect of substrate temperature (Ts = 27 to 90 °C) and particle size 
(dP = 0.1 to 3 μm) on the deposit patterns as shown in Figure 10. They showed that on non-heated 
silicon substrate (eq = 85°), for smaller size particles inner deposit forms and for larger size 
particles a ring-like structure forms. While on heated silicon substrate, for all tested particle sizes 
a thin ring with inner deposit patterns form. They showed that due to combined effect of substrate 
heating and colloidal suspensions contact line pins on higher contact angle substrate (eq = 85°) 
and it changes the deposit pattern from an inner deposit to a thin ring with inner deposit. 
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5. Deposition on a Non-wetted surface 
Regarding the evaporation of droplets on non-wetted (hydrophobic) surfaces, in general, an inner 
deposit pattern can be found which is attributed to the CCA mode of evaporation. On such surfaces, 
the particles stay inside the evaporating droplet with diminishing contact radius and accumulate at 
the middle or inner range of the droplet. For example, Nguyen et al. [31] obtained the 
centralized/inner deposit pattern by using a hydrophobic silicon, on which during the evaporation 
the depinning of contact line occurs bringing the particles to the inner region of droplet, as shown 
in Figure 11. Before that in another study, Orejon et al. [32] studied the droplet evaporation on 
non-wetted surfaces and showed that the presence of nanoparticles help in the pinning as well as 
the stick-slip behaviour of the contact line. Larger concentration of particles can delay the 
depinning of the contact line in comparison to that of the pure liquid droplet. Further, Li et al. [33] 
studied a controlled deposition of polymer nanoparticles by changing the contact angle hysteresis 
(CAH). As shown in Figure 12, the inner deposits formed on weak CAH (such as poly diallyl-
dimethyl ammonium chloride or sodium polysulfonate) and ring-like deposits formed on strong 
CAH (such as polyvinyl pyrrolidone). Recently, Bhardwaj [34] suggested that the internal motion 
of the particles inside the droplet on a non-wetted surface is from the contact line to the top of the 
droplet, due to larger evaporation flux on the top of the droplet, as shown by a schematic in Figure 
13. 
6. Formation of a Uniform deposit 
For application such as ink-jet printing and manufacturing of bioassays, a uniform deposit is 
required rather than a ring-like or inner deposit. This has been achieved by varying pH of the 
suspension in a study by Bhardwaj et al. [35] using a water-glass-titania system. They proposed a 
regime diagram for three deposit patterns and can be explained by the competition between three 
characteristic velocities, namely, the radial velocity (Vrad) caused by highest evaporation rate at 
the contact line, the Marangoni velocity (VMa) due to variation in the surface tension gradient, and 
the velocity (VDLVO+)  due to attractive electrostatic and van der Waals forces between particles 
and the substrate (called Derjaguin-Landau-Verwey-Overbeek (DLVO) interactions), as shown in 
Figure 14. A ring was formed when VMa and VDLVO+ is negligible in comparison to Vrad. A ring 
with central bump (i.e. inner deposit) was formed when VMa is comparatively higher than Vrad and 
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VDLVO+, and uniform deposit was formed when the particles and substrate interactions becomes 
more dominant than radial and Marangoni velocities.  
In another notable report, Still et al. [36] altered the deposition pattern of monodispersed 
particles (1.33 μm, c = 0.5 w/w %) from the “coffee-ring” to a more uniform pattern by adding a 
surfactant, sodium dodecyl sulfate (SDS). This was explained by the surfactant-induced 
Marangoni flow. The surfactant was concentrated near the contact line due to the radial flow and 
higher evaporation rate closer to the contact line; therefore, the surface tension was decreased 
locally and induced the Marangoni flow, bringing the particles inward as well as contributing to 
the depinning of the contact line. Marin et al. [37] investigated surfactant-driven flow inside a 
sessile droplet during evaporation on a non-heated glass substrate. Two surfactants, polysorbate 
80 (P80) and SDS, were studied. Both radial flow and surface tension difference decreased in the 
presence of P80 and increased significantly in the presence of SDS. Interestingly, Still et al. [36] 
and Marin et al. [37] suggested the opposite on the correlation of the surfactant-induced Marangoni 
flow and the final deposition pattern. Still et al. [36] believed the Marangoni flow can lead to a 
more uniform deposition, while Marin et al. [37] believed there is little correlation due to the “rush-
hour effect" at the end stage of the evaporation. 
Uniform deposit patterns can also be obtained by varying particle shape [38, 39]. Yunker 
et al. [38] studied evaporation of droplets loaded with ellipsoidal particles and observed uniform 
deposit patterns. Because of the anisotropic shape of the particles the interparticle interactions 
between them generates a loosely packed assembly of particles on the liquid-gas interface and 
blocks the particles advection to the edge and thus uniform deposit pattern forms. Dugyala and 
Basavaraj [39] also reported the controlled uniform deposit pattern formation from the ellipsoidal 
particles which was achieved due to an attractive particle-particle as well as particle-substrate 
interactions. 
 
7. Particles sorting in bi-dispersed suspensions 
As discussed above, the deposits of mono-dispersed colloidal particle suspension has been studied 
vastly, however, in recent years utilizing bi-dispersed colloidal particles has gained attention due 
to its applications in biochemistry analysis [4], controlled evaporative self-assembly [40] and 
biosensors [5]. Specifically, few studies focused on to achieve the particles sorting in the deposit. 
Han et al. [40] observed self-assembly of bi-dispersed particles (50 nm and 500 nm, 1:1, c = 0.01 
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% w/w), with smaller particles deposited closer to the contact line and larger one adjacent to them, 
in a cylinder-on-flat geometry. The self-sorting feature was attributed to the gradual decreasing of 
the liquid-gas interface height towards the contact line. The particle carried by the radial flow 
towards the contact line stops when its diameter matches the height of the interface. Therefore, 
smaller particles can be transported closer to the contact line. Similarly, Chhasatia and Sun [41] 
investigated the particle sorting by considering the effect of substrate wettability. They used ink-
based bi-dispersed solution (dP = 100 nm and 1.1 µm, c = 0.5% v/v each) on coated glass having 
different receding contact angles (rec = 80, 55, 30, 10, and 0°). They reported with increase in 
substrate wettability the good amount of sorting was seen on substrates having 0° receding contact 
angle, as shown in Figure 15. No sorting was seen on substrates having high receding contact 
angle, as there was formation of inner deposit.    
Further, Monteux and Lequeux [42] studied the effect of particle size combination in bi-
dispersed suspensions. They used three combinations (dP = 100 nm and 1 µm, 100 nm and 5 µm, 
1 and 5 µm, c = 0.16-1.6% w/w) and observed the particle sorting at the contact line. They observed 
that at the contact line of the droplet a thin film region exists and depending on the contact angle 
(eq = 10°) and the particle size. Similar type of thin film region was reported recently by Parsa et 
al. [43] for bi-dispersed particles (1 μm and 3.2 μm, 1:1, 0.025% w/w) on heated silicon. In this 
study, they reported the effect of substrate temperature (Ts = 25 to 99°C) during sorting of particles 
at the contact line. As shown in Figure 16, a thin film exists at the outermost ring, next to that 
smaller particles deposited at the middle ring and a mixture of smaller and larger particles 
deposited at the innermost ring. However, they did not study different particle size combinations. 
Thereafter, Patil et al. [30] investigated the combined effect of particle size combinations and the 
substrate temperature on self-sorting of bi-dispersed colloidal particles on silicon wafer. They 
proposed a regime map for the observed deposit patterns, as shown Figure 17. On non-heated 
silicon, the depinning of the contact line was seen and in result of that mixture of smaller and larger 
particles was formed. Since heating of a hydrophobic surface induces pinning of the contact line 
[14], Patil et al. [30] obtained the sorting of particles in such a system for particle diameter ratio 
smaller than 0.18 and the substrate temperature higher than 60℃. However, in their study only 
one substrate was studied. Very recently, Iqbal et al. [44] reported bi-dispersed colloidal particles 
on hydrophilic as well as hydrophobic substrates. To devise the particle sorting mechanism, they 
performed the force analysis on the bi-dispersed particles near the contact line. Figure 18 shows 
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the schematics of the flow inside the droplet and the obtained final deposit patterns on hydrophilic 
and hydrophobic substrate. As expected on hydrophilic substrate sorting of 0.2 and 3 μm diameter 
particles was reported, which was attributed to the dominant radial outward driven flow and the 
friction forces as compared to the inward surface tension force. While on hydrophobic substrate, 
a mixture of 0.2 and 3 μm diameter particles was seen, which was attributed to the dominant inward 
surface tension driven forces in comparison to that of other forces.   
8. Concluding remarks and future outlook  
We have reviewed recent key studies, which investigated the formation of a colloidal deposit via 
the evaporation of a sessile droplet on a solid surface. Several transport phenomena were found 
important in controlling the deposit shape. The radial flow due to the maximum evaporation at the 
contact line, flow of particles towards the substrate due to electrostatics and van der Waals forces, 
and Marangoni convection due to thermal gradient at the liquid gas interface are primary 
mechanism to produce a ring-like, uniform and inner deposit respectively. The Marangoni 
convection could become intense with the substrate heating and coupled with a pinned line, a 
deposit with a thinner ring and inner deposit form. The shape of the particles has been reported to 
be important and a droplet with ellipsoid particles result in a uniform deposit rather than a ring. 
We discussed regimes maps for different deposit patterns reported in the literature. There maps 
allow us to classify the deposits and understand the underlying mechanism of the formation of the 
deposit. We have briefly explained the particles sorting achieved by the evaporation of bi-
dispersed colloidal suspensions on a solid surface. The sorting depends on the ratio of the diameter 
of the particles and intensity of the substrate heating.  
There exist several opportunities for future research in this context. For instance, this 
knowledge base will help to explain deposit obtained from the drying of blood droplets which 
could be useful in forensics [45], biomarkers [46] and fingerprint residues in blood pattern analysis 
[6]. In biology, the bio-molecular interaction between the particles and substrate is important to 
understand the formation of bio-assays [47]. In this review, we tried to put recent studies that 
considered the effect of substrate heating, particle size and substrate wettability, however, the 
combined or coupled effect of each of these parameters over another for wider range is still lacking 
in the literature. Further, in the last stage of droplet evaporation, the evaporation mechanism is 
much more complex and transient since there exists thin film of droplet liquid to evaporate. 
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However, its evaporation mechanism is little explored and it is important to investigate in future, 
as this last stage of evaporation (known as “rush-hour” effect) could significantly affect the deposit 
patterns. 
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11. Tables 
 
Table 1: Summary of the possible transport phenomena for an evaporating droplet laden with 
colloidal particles on a heated surface 
Fluid 
dynamics  
 
 Incompressible and laminar fluid flow 
 Viscosity variation due to temperature change 
 Laplace forces on the liquid-gas boundary  
 Motion of the wetting line during advancing or receding phase 
 Marangoni stresses along the liquid-gas interface 
 
Heat 
transfer 
 
 Convection inside the drop and conduction in the substrate 
 Imperfect thermal contact between the droplet and the substrate 
 
Mass 
transfer 
 
 Diffusion of liquid vapor in ambient of the droplet 
 Evaporative driven flow inside the droplet 
 Cooling of the drop at the liquid-gas interface by latent heat of the evaporation  
 
Particles 
transport 
 
 Advection-diffusion of the particles inside the droplet 
 Interactions of free surface with growing peripheral deposit of the particles 
 Attractive or repulsive forces between the particles and the substrate 
 Inter-particle forces 
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12. Figures 
 
 
Figure 1: Schematic of an evaporation of a sessile droplet loaded with colloidal particles on a solid 
surface. The evaporative flux on the liquid-gas interface is shown by vectors, exhibiting the non-
uniformity of the flux on the liquid-gas interface. SEM Image in (c) is reprinted with permission 
from Ref. [30] Copyright (2018) American Chemical Society.    
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Figure 2: (a) Differences in the time scale of an impacting droplet versus an evaporating microliter 
or millimeter size water droplet. The evaporation scale is much slower owing to slow diffusion of 
liquid vapor in the ambient.  
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Figure 3: (a) Schematic of an evaporation of a sessile droplet loaded with colloidal particles on a 
solid surface. Several coupled transport phenomena are shown in the schematic.   
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Figure 4: Various particle deposit patterns due to different modes of evaporation- (a) Ring like 
pattern (Reprinted with permission from Ref. [13] Copyright (2004) American Chemical Society), 
(b) Inner deposit (Reprinted with permission from Ref. [14] Copyright (2016) American Chemical 
Society), (c) Multiple ring patterns (Reprinted with permission from Ref. [15] Copyright (2008) 
American Physical Society).  
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Figure 5: Dried deposit patterns obtained at different glass substrate temperature. Second row 
shows ring width and height at the corresponding cross-sections measured by interferometry along 
the red lines. Inner deposit increases with increase in the substrate temperature, and thus the ring 
becomes thinner. Reprinted with permission from Ref. [20] Copyright (2015) Royal Society Of 
Chemistry. 
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Figure 6: Final deposit patterns obtained on silicon at different surface temperature. Deposit 
patterns transform from uniform deposits to dual-ring and multi-ring like deposits. Reprinted with 
permission from Ref. [21] Copyright (2015) American Chemical Society.  
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Figure 7: Deposit patterns obtained on silicon wafer as a function of substrate temperature. Deposit 
patterns transform from uniform deposits to dual-ring deposits. Reprinted with permission from 
Ref. [25] Copyright (2016) Royal Society Of Chemistry. 
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Figure 8: Regime map for predicting the deposit patterns as a function of the substrate temperature, 
substrate wettability and particles concentration. At lower substrate temperature close to ambient, 
a ring and an inner deposit form on lower and higher contact angle substrates, respectively. At 
higher substrate temperature, a thin ring with inner deposit forms on all contact angle substrates. 
Reprinted with permission from Ref. [14] Copyright (2016) American Chemical Society. 
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Figure 9: Deposit patterns obtained on the glass substrate showing the influence of the particle size 
inside the evaporating droplet. Reprinted with permission from Ref. [28] Copyright (2017) Nature 
Publishing Group. 
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Figure 10: Various particle deposit patterns obtained from the combined effect of substrate 
temperature and particle size on silicon. On non-heated substrate condition, inner deposit forms 
for smaller size particles and a ring for larger size particles. On heated substrate condition for all 
particle sizes, a ring with inner deposit forms. Inner deposit corresponds to the Marangoni 
convection. Reprinted with permission from Ref.  [30] Copyright (2018) American Chemical 
Society. 
 
 
 
 
 
 
26 
 
 
Figure 11: Formation of inner deposit on non-wetted surfaces (hydrophobic silicon) due to the 
contact line receding. Reprinted with permission from Ref. [31] Copyright (2013) American 
Chemical Society. 
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Figure 12: Effect of contact angle hysteresis (CAH) in formation of deposit patterns of polymer 
particles: (a) a ring on high CAH (b) an inner deposit on weak CAH. Reprinted with permission 
from Ref. [33] Copyright (2013) American Chemical Society. 
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Figure 13: Schematic illustration of the advection of colloidal particles (shown as red dots) by 
evaporation driven flow on partially wetted (a) and non-wetted (b) surface. Blue arrows compare 
the magnitude of the evaporation flux near the contact and at the apex of the droplet. The respective 
velocity scaling is also shown. Reprinted with permission from Ref. [34] Copyright (2018) 
Elsevier. 
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Figure 14: Regime map for the deposit patterns considering the effect of pH of the solution and 
the evaporation mechanism, which involves the competition between three characteristic velocities 
(Vrad, VMa and VDLVO). Reprinted with permission from Ref. [35] Copyright (2010) American 
Chemical Society.   
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Figure 15: Schematic of the particle sorting onto a glass substrate by systematically varying the 
substrate wettability/contact angle of substrate. Reprinted with permission from Ref. [41] 
Copyright (2011) Royal Society of Chemistry. 
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Figure 16: Effect of substrate temperature on particle sorting of bi-dispersed particles from 
evaporating droplets on silicon. Reprinted with permission from Ref. [43] Copyright (2017) 
American Chemical Society. 
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Figure 17: Regime map for the bi-dispersed colloidal particles as a function of the particle size 
ratio and substrate temperature. Map shows three deposit patterns, namely, mixed particles in inner 
deposit, self-sorting in ring and no self-sorting in ring. Reprinted with permission from Ref. [30] 
Copyright (2018) American Chemical Society. 
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Figure 18: Schematics of the fluid flow inside the evaporating droplet containing bidispersed 
colloidal particles and the forces acting on the particles near the contact line on (a) hydrophilic and 
(b) hydrophobic substrates. At the contact line, the particle experiences surface tension force (FST), 
drag force (FD), friction force (fFo), and adhesion forces (Fo) due to the van der Waals force and 
electrostatic interaction forces between particles and substrate as well as among the particles 
themselves. (a) Sorting of 0.2 and 3 μm diameter particles was seen, which can be attributed to 
dominant radial outward driven flow and the friction forces. (b) Mixture of 0.2 and 3 μm diameter 
particles was seen, which can be attributed to the dominant inward surface tension driven forces. 
Reprinted with permission from Ref. [44] Copyright (2018) Royal Society of Chemistry. 
 
